Subunit interface dynamics in hexadecameric rubisco.
Ribulose-1,5-bisphosphate (RuBP) carboxylase/oxygenase (Rubisco) plays an important role in the global carbon cycle as a hub for biomass. Rubisco catalyzes not only the carboxylation of RuBP with carbon dioxide but also a competing oxygenation reaction of RuBP with a negative impact on photosynthetic yield. The functional active site is built from two large (L) subunits that form a dimer. The octameric core of four L(2) dimers is held at each end by a cluster of four small (S) subunits, forming a hexadecamer. Each large subunit contacts more than one S subunit. These interactions exploit the dynamic flexibility of Rubisco, which we address in this study. Here, we describe seven different types of interfaces of hexadecameric Rubisco. We have analyzed these interfaces with respect to the size of the interface area and the number of polar interactions, including salt bridges and hydrogen bonds in a variety of Rubisco enzymes from different organisms and different kingdoms of life, including the Rubisco-like proteins. We have also performed molecular dynamics simulations of Rubisco from Chlamydomonas reinhardtii and mutants thereof. From our computational analyses, we propose structural checkpoints of the S subunit to ensure the functionality and/or assembly of the Rubisco holoenzyme. These checkpoints appear to fine-tune the dynamics of the enzyme in a way that could influence enzyme performance.